Impact statement: Auxin binds to the ETTIN transcription factor to disrupt the interaction 12 between ETT and a TPL/TPR co-repressor and subsequently affecting chromatin dynamics 13 to ensure proper gynoecium development.
overlap with ETT expression in the gynoecium. Both pTPL:GUS and pTPR2:GUS exhibited 151 strong expression in the apical part of the gynoecium where ETT is also expressed, while no 152 pTPR4:GUS expression was observed ( Fig. 4a-d) . Single loss-of-function mutants in TPL 153 and TPR2 do not show any abnormal phenotypes during gynoecium development. However, 154 the tpl tpr2 double mutant has defects in the development of the apical gynoecium similar to 155 ett mutants ( Fig. 4e-g) demonstrating that TPL and TPR2 function redundantly in gynoecium 156 development. Together with the protein interaction data and the overlapping expression 157 patterns, these results suggest that ETT and TPL/TPR2 cooperate to regulate gynoecium 158 development.
159
TPL was shown previously to recruit histone deacetylase, HDA19, during early Arabidopsis 160 flower development to keep chromatin in a repressed state 20 . Moreover, HDA19 was also 161 recently shown to participate in repression of the meristem identity gene, SHOOT 162 MERISTEMLESS (STM) 30 . Here, our analysis of gynoecia from the hda19-4 mutant 163 demonstrate that HDA19 is also required for gynoecium development as the hda19-4 mutant 164 has strong style defects (Fig. 4h ). In agreement with this, the HDA19 gene was highly 165 expressed in gynoecium tissue, whereas another member of the HDA gene family, HDA6, 166 was not ( Figure 4-figure supplement 1) . Moreover, HDA19 recruitment likely involves ETT, 167 since expression of the ETT target genes, PID and HEC1, are increased in the tpl tpr2 and 168 hda19-4 mutants compared to wild type. Similar to the ett mutant, auxin treatments failed to 169 further induce expression in these mutants ( Fig. 4i,j) . These observations suggest that ETT, 170 TPL/TPR2 and HDA19 function in conjunction to control gene expression during gynoecium 171 development.
172
To test the direct interaction of ETT, TPL and HDA19 on chromatin, we performed 173 Chromatin-Immunoprecipitation (ChIP) using reporter lines expressing GFP fusion protein.
174
Although only ETT is expected to bind DNA, ChIP followed by qPCR revealed that all three 175 proteins associate with DNA elements in the same regions of the promoters of PID and 176 HEC1 (Fig. 5a ). This supports a model in which ETT recruits TPL/TPR2 and HDA19 to ETT target loci to keep chromatin in a condensed state through histone deacetylation. When auxin levels increase, the ETT-TPL/TPR2 interaction is broken, presumably preventing 179 HDA19 from deacetylating histones. To test this, we assayed for H3K27 acetylation, which is 180 a substrate for HDA19. H3K27 acetylation increased in the absence of ETT and upon 181 treatment with auxin. This occurred in the same regions of the PID and HEC1 promoters 182 where the proteins were found to associate (Fig. 5b,c) . In agreement with ETT mediating the 183 association of TPL/TPR and HDA19 with these regions, there was no further increase of 184 acetylation in the ett-3 mutant upon treatment with auxin ( Fig. 5b,c) .
185
The data presented in this paper provide molecular insight as to how auxin levels are 186 translated into changes in gene expression of ETT target genes. Our data lead to a model in 187 which low levels of auxin maintain ETT associations with TPL/TPR2 to repress gene 188 expression via H3K27 deacetylation. As auxin levels increase, TPL/TPR2 (and hence 189 HDA19) disassociate from ETT, promoting H3K27 acetylation ( Fig. 5d ). This model 190 molecularly underpins the published association between auxin dynamics and PID 191 expression at the gynoecium apex where PID is repressed at early stages of development to 192 allow symmetry transition, but subsequently de-repressed as auxin levels rise to facilitate 193 polar auxin transport 4,31 .
194
The direct binding of auxin allows ETT to switch the chromatin locally between repressive 195 and de-repressive states, whilst other ARFs have been categorised as either repressors or 
201
The identification of a direct auxin-ETT interaction to control gene expression adds an 202 additional layer of complexity to auxin biology, which contributes towards explaining how 203 auxin imparts its effect on highly diverse processes throughout plant development. In a wider 204 context, this work also opens for the exciting possibility that direct transcription factor-ligand 205 interactions is a general feature in the control of gene expression in plants as found in were determined using the 2 -ΔΔCt method 36 . Data were normalised to POLYUBIQUITIN 10 228 (UBQ10/AT4G05320) expression.
230

ETT protein analysis by alignment
Published ETT sequences of 22 Angiosperm species were retrieved from Phytozome 232 version 12 37 . Nucleotide sequences were translated and aligned using MUSCLE in 233 Geneious version 6.1.8 38 . The EAR domain was extracted as a sequence logo ( Fig The tpl tpr2 ge mutant was generated using CRISPR/Cas9 technology by a method previously 
247
The construct was transformed into Agrobacterium tumefaciens strain GV3101 by 
Protein interaction
For Yeast-two-Hybrid (Y2H) assays coding sequences were cloned into pDONR207 and 259 recombined into the pGDAT7 and pGBKT7 (Clontech). Using the co-transformation 260 techniques 41 these constructs were transformed into the AH109 strain (Clontech).
261
Transformations were selected on Yeast Selection Medium (YSD) lacking Tryptophan (W) 262 and Leucine (L) at 28°C for 3-4 days. Transformed yeast cells were serially diluted (10 0 , 10 1 , 
280
For co-immunoprecipitation, ETT-FLAG was generated using Golden Gate cloning 39 by 281 recombining a previously described L0 clone for ETT with a 35S promoter (AddGene 282 #50266), a C-terminal 3xFLAG epitope (AddGene #50308) and a Nos-terminator (AddGene 283 #50266) into a L1 vector (AddGene #48000). The pGWB14 TPL-HA construct was provided 284 by Salomé Prat and has been used in previous studies 42 . The epitope-tagged proteins were 285 transiently expressed in four-week-old N. benthamiana leaves for two days. Co-immunoprecipitation was performed as described previously 43 . After harvest, 1 g of fresh leaf 287 tissue was ground in liquid nitrogen. The powder was homogenised for 30 min in two 
320
The GUS histochemical assay was performed in at least three individual lines per construct.
321
Inflorescences of each GUS line were pre-treated with ice cold acetone for 1h at -20°C and 322 washed two times for 5 minutes with 100 mM sodium phosphate buffer followed by one 
336
Additionally, a WUS promoter fragment was used as a negative control for ETT binding 45 . IP 337 was conducted using the anti-GFP antibody (Roche, 11814460001, Lot: 19958500) and 338 Pierce Protein G magnetic beads (ThermoFisher, 88847, Lot: SI253639) were used for IP.
339
Histone acetylation ChIP was carried out and data were analysed as described previously 46 .
340
The experiment was carried out in triplicate using 3 g auxin-treated or untreated Col-0 or ett-ab4729, Lot: GR3231937-1) and anti-H3 (Abcam, ab1791, Lot: GR310541-1). All antibodies 343 were validated by the manufacturers.
344
In all ChIP experiments, DNA enrichment was quantified using quantitative PCR (qPCR) 345 with the appropriate primers (Supplementary Data). In case of H3K27ac, ACTIN was used 346 as an internal control and the data represented as ratio of (H3K27ac at HEC1 or PID divided 347 by H3 at HEC1or PID) to H3K27ac at ACT divided by H3 at ACT). 
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Y2H to test specificity of auxin-sensitivity using benzoic acid (BA), NAA, and 2,4D in a yeast 510 growth assay. The data suggest that the auxin-sensitivity observed in (a) is IAA-specific. c,
511
Y2H based ONPG assay measuring the β-galactosidase activity as a measure of interaction 
518
The red boxes indicate the areas used in Figure 3b and 10 -1 10 -2 10 -3 10 0 10 -1 10 -2 10 -3 10 0 10 -1 10 -2 10 -3 10 0 10 -1 10 -2 10 -3 10 0 10 -1 10 -2 10 -3
Control ETT-TPL
ETT-TPR2
ETT-TPR4 MOCK BA NAA 2,4-D 10 0 10 -1 10 -2 10 -3 10 0 10 -1 10 -2 10 -3 10 0 10 -1 10 -2 10 -3 10 0 10 -1 10 - Interaction between ETT and TPL, TPR2 and TPR4 is auxinsensitive and specific to IAA. a, In Y2H increasing concentrations of IAA lead to reduction of yeast growth abolishing the interaction between ETT and its partners. The interactions are, therefore, auxin-sensitive. b, Y2H to test specificity of auxin-sensitivity using benzoic acid (BA), NAA, and 2,4D in a yeast growth assay. The data suggest that the auxin-sensitivity observed in (a) is IAA-specific. c, Y2H based ONPG assay measuring the β-galactosidase activity as a measure of interaction strength. d, Co-IP experiments show that the interaction between ETT and TPL cannot be disrupted by NAA. The data support that the ETT TPL/TPR interactions are sensitive to IAA but not to NAA. ***p <0.0001; Shown are mean ± standard deviation of three biological replicates. See Figure 3 source data 1 for statistical analyses. Expression analysis using qRT-PCR in wild-type gynoecia showed that TPL and TPR2 are stronger expressed then TPR1,3 and 4. Likewise, HDA19 exhibits higher expression compared to HDA6. ***p-Values<0.0001; Shown are mean ± standard deviation of three biological replicates. See Figure 4 -source data 1 for statistical analyses.
